■>■ 


U.S.  DEPARTMENT  OF  COMMERCE 
National  Technical  Information  Service 


AD-A030  951 


Admixtures 


Army  Engineer  Waterways  Experiment  Station  Vicksburg  Miss 


Jul  70 


- ■** r-TE-’N^fra^M-?* w+w**^.  rr-^^a^'A  rryzx?  ***W7'?Vr^'},' 


% ^jv,  +fr  XV 


lEffiSTT  ^ILILim^ 

from  NATIONAL  TECHNICAL  INFORMATION  SERVICE 


Product  Liability  insurance:  Assessment  of  Related 
Problems  and  Issues.  Staff  Study 
PB-252  204 /PAT  181  0 PCS9.50/MF$3.00 
Evaluation  of  Home  Solar  Heating  System 
UCRL-51  711 /PAT  154  p PC$6.75/MF$3.00 
Developing  Noise  Exposure  Contours  for  General 
Aviation  Airports 

ADA-023  429/PAT  205  p PC$7.75/MF$3.00 

Cooling  Tower  Environment,  1974.  Proceedings  of 
a Symposium  Held  at  the  University  of  Maryland 
Adult  Education  Center  on  Mar.  4-4,  T974 
CONF-74  0302/PAT  648  p PC$13.60/MF$3.00 
Biological  Services  Program.  Fiscal  Year  1975 
P9-251  738/PAT  52  p PC$4.50/MF$3.00 
An  Atias  of  Radiation  Histopathology 
Tl D-26-676/ PAT  234  p PC$7.60/MF$3.00 
Federal  Funding  of  Civilian  Research  and  Develop- 
ment. Vol.  1.  Summary 
PB-251  266/PAT  61  p PC$4.50/MF$3.00 
Federal  Funding  of  Civilian  Research  and  Develop- 
ment Vol.  2.  Case  Studies 
P3-251  683/PAT  336  p PC$10.00/MFS3.00 
Handbook  on  Aerosols 
Tl  D-23-608/ PAT  141  p PCS6.00/MFS3.00 


for  the  Assessment  of  Ocean  Outfalls 

ADA-023  514/PAT  34  p PC$4.00/MF$3.00 

Guidelines  for  Documentation  of  Computer  Pro- 
grams and  Automated  Data  Systems 

PB-250  867/PAT  54  p PC$4.50/MF$3.00 

NOx  Abatement  for  Stationary  Sources  in  Japan 

PB-250  586/ PAT  116  p PC$5.50/MF$3.00 

U.S.  Coal  Resources  and  Reserves 

PB-252  752/ PAT  16  p PC$3.50/MF$3.00 

Structured  Programming  Series.  Vol.  XI.  Estimating 
Software  Project  Resource  Requirements 

ADA-016  416/PAT  70  p PC$4.50/MF$3.00 

Assessment  of  a Single  Family  Residence  Solar 
Heating  System  in  a Suburban  Development  Setting 

PB-246  141 /PAT  244  p PCS8.00/MF53.00 

Technical  and  Economic  Study  of  an  Underground 
Mining,  Rubblization,  and  in  Situ  Retorting  System 
for  Deep  Oil  Shale  Deposits.  Phase  I Report 

PB-249  344/PAT  223  p PC$7.75/MF*3.00 

A Preliminary  Forecast  of  Energy  Consumption 
Through  1985 

PB-251  446/ PAT  69  p PCS4.50/MFS3.00 


HOW  TO  ORDER 


When  you  indicate  the  method  of  pay- 
ment. please  note  if  a purchase  order  is  not 
accompanied  by  payment,  you  will  be  billed 
an  addition  $5.00  ship  and  bill  charge  And 
please  include  the  card  expiration  date  when 
using  American  Express. 

Normal  delivery  time  takes  three  to  five 
weeks.  It  is  vital  that  you  order  by  number 


or  your  order  will  be  manually  filled,  in- 
suring a delay.  You  can  opt  for  airmail 
delis  er\  for  a $2.00  charge  per  item.  Just 
check  the  Airmail  Service  box.  If  you're 
really  pressed  for  time,  call  the  NTIS  Rush 
Order  Service  (703)  557-4700.  For  a 
$10  00  charge  per  item,  your  order  wil'  be 
airmailed  within  48  hours.  Or.  you  can 
pick  up  your  order  in  the  Washington  In- 
formation Cemer  A Bookstore  nr  at  our 
Springfield  Operations  Center  within  24 
hours  for  a 160©  per  item  charge. 


You  may  also  place  your  order  by  tele- 
phone or  TELEX.  The  order  desk  number 
is  (703  ) 557-4650  and  the  TELEX  number 
is  89-9405. 

Whenever  a foreign  sales  price  is  NOT 
specified  in  the  listings,  all  foreign  buyers 
must  add  the  following  charges  to  each  or- 
der: $2.50  for  each  paper  copy;  $3  JO  for 
each  microfiche;  and  $70.00  for  each  Pub- 
lished Search. 

Thank  you  for  your  interest  in  NTIS.  We 
appreciate  your  order. 


METHOD  OF  PAYMENT 

O Charge  my  NTIS  deposit  account  no 

Q Purchase  order  no 

□ Check  enclosed  for  S 

Q Charge  to  my  American  Express  Card  account  number 


ADDRESS. 


CTTY.  STATE.  ZIP- 


Card  expiration  dale 

signature 

Q Airmail  Services  requested 

Clip  and  mail  to- 


Item  Number 


National  Technical  information  Servlet 
UJ.  DEPARTMENT  OF  COMMERCE 
Springfield.  Va.  228*1 
(7fJ)  557-4*5*  TELEX  M-9445 


All  Prices  Subject  to  Change 
11/76 


Quantity  1 

Paper  Copy 
(PC.) 

Microfiche 

IMF) 

Unit  Puce* 


Total  Price 


Sub  Total 
Additional  Onarge 
Enter  Grand  Total 


PubHttatf  by  U.  S.  Army  Engirt  Waterway*  Exparimanl  Statfon,  Vicksburg,  Mr**i»*lppi 

REPRODUCED  BY 

NATIONAL  TECHNICAL 
INFORMATION  SERVICE 

U.S.  DEPARTMENT  OF  COMMERCE 

• - SPRINGFIELD,  VA.  22161  , „ 

This  docunwnt  h*s  Mm  spprovea  tor  putwr  rtnsss  sno  ssm;  m omr*w-«i«  a imniMM 


^3 


Destroy  this  report  when  no  longer  needed.  Do  not  return 
it  to  the  originator. 


The  findings  in  this  report  are  not  to  be  construed  as  an  official 
Department  of  the  Army  position  unless  so  designated 
by  other  authorised  documents. 


MISCELLANEOUS  PAPER  C-70-J2 


ADMIXTURES 

by 

B.  Matlwr 


July  1970 


D D C 


jj<  OCT  IB  STB 

iltemTir,- 

D 


u 


PuWitJt«d  by  U.  S.  Army  Enginr#r  Wattrways  Ejtpfrimut  Station,  Vicksburg,  Mitcinippi 


AHMT'MftC  V>CK*»UI»#. 


Tills  (tocunwnt  Has  b**n  cppcowd  to  public  fttesst  *tW  salt;  its  dombutiofl  is  unl*«mted 


FOREWORD 


TA7 

\^/34vW 

tJ. C- 7*-!%' 


The  rhgineering  Frvndation  convened  a research  conference  on 
"Rapid  Construction  o'  Concrete  Pams,"  which  was  held  at  Pacific  Grove, 
California,  on  1-C  March  1970.  Session  IV  of  the  conference  was  con- 
cerned with  special  clients  and  admixtures  for  rapid  concrete  dam 
construction . Mr.  Bryant  Mather,  Chief,  Concrete  Division,  was  requested 
to  prepare  the  paper  on  admixtures  for  presentation  at  this  session j 
however,  he  was  unable  to  attend  the  meeting  and  present  it.  It  was 
presented  in  his  absence  by  Mr.  J.  M.  Polatty,  Chief,  Kngiroering  Mechanics 
Branch,  Concrete  Division.  On  the  last  day  of  the  conference  the  oartici- 
pants  approved  a resolution  which  recommended  that  the  papers,  originally 
prepared  as  the  basis  for  off-the-record  discussions,  be  published.  The 
manuscript  was,  thercfoi'c,  referred  for  approval  for  publication  to  the 
CI:*ef  of  Engineers  and  such  approval,  subject  to  c;rtain  comments,  was 
gr  inted  on  20  May  1970. 

Directors  of  the  Waterways  Experiment  Station  during  the  preparation 
and  publication  of  this  paper  were  COI.  Levi  A.  arovn,  rE,  and  COL  Ernest  D. 
Peixotto,  C' • Technical  Director  was  Mr.  F.  R.  Bro'-m, 
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’ADMIXTURES* 


by 

Bryant  Mather?--* 

Xntroducti  on 

1.1  The  purpose  of  this  Conference  is  to  investigate,  in  depth,  design 
and  construction  procedures  for  reducing  t>e  cost  of  concrete  dams.  Mils  is 
a somewhat  more  restricted  purpose  than  that  of  the  International  Commission 
on  Large  Bams,  vbich  is:  "To  promote  and  coordinate  improvements  in  technical 

research,  dosign,  construction,  maintenance,  end  operation  of  large  darns..." 
More  simply  stated,  the  objective  of  ICOIJD  is  to  contribute  to  the  construe* 
tion  end  oj>eration  of  good  dcsiis.  The  objective  of  engineering,  as  it  relates 
to  concrete  for  use  in  dams  and  appurtenant  works,  is  to  insure  that  the 
concrete  so  used  is  good  concrete.  Good  concrete  is  concrete  that  possesses 
the  noressary  levies  of  the  properties  appropriate  to  the  service  demanded 
oi  it  at  cuj.  Tamos  in  its  useiui  life  plus  a “factor  of  sal'ci-y"  or  “factor 
of  i/norsnee"  sufficient  to  merit  and  receive  confidence.  It  is  not  good 
engineering  to  require  that  concrete  have  unnecessarily  high  levels  of 


# Prepared  for  presentation  us  Paper  2,  Session  IV:  fbecial  Cement  end 

Admixtures  for  Rapid  Concrete  Dm  Construction  at  1970  Engineering  Founda- 
tion Research  Conference,  "Rapid  Construction  of  Concrete  Bams,"  Asilotiar 
Conference  Grounds,  Pacific  Grove,  California,  3 Morel:  1970}  presented  by 
James  M,  Polatty,  Chief,  Engineering  Mechanics  Drench,  Concrete  Division, 

V,  S,  Army  Engineer  Waterways  Experiment  Station,  Vicksburg,  Mississippi, 

Chief,  Concrete  Division,  U,  S,  Amy  Engineer  Vatoiuays  Experiment  Station, 
Vicksburg,  Mississippi  3?180. 


important  properties  or  my  particular  level  of  irrelevant,  properties, 
especially  when,  as  will  almost  always  be  the  ca3e,  the  inclusion  of  such 
requirements  increases  the  initial  cost.  It  is,  of  course,  obviously  not 
good  engineering  to  fail  to  require— and  hence  usually  not  obtain— concrete 

« v 

that  docs  develop  the  necessary  levels  of  important  properties, 

1,2  Concrete  if-  not  a static,  constant,  unchanging  material.  As 
initially  nixed,  it  is  a suspension  of  solid  particles  in  a liquid.  There- 
after, it  evolves  into  a relatively  rigid  solid  that  will  develop  predict- 
able levels  of  many  different  properties  depending  on  the  properties  of 
the  constituent  materials  used,  .heir  proportions,  the  practices  employed 

in  production,  and  the  environment  of  subsequent  maturation  and  exposure. 

• 

As  designers  end  builders  of  dams  and  eppurte.  - mt  works  develop  data  on 

what  are  the  relevant  properties  of  concrete  and  what.  are  the  necessary 

quality  levels  of  these  properties  that  the  concrete  must  possess  in  ottler 

to  render  the  desired  service  at  ell  times  in  its  useful  life,  the  concrete 

» 

technologist  win  perfect  the  techniques  needed  to  insure  that  the  proper 
», : r erinls,  proportions,  and  prentices  arc  required  and  obtained, 

13  The  state  of  knowledge  has  not  yet  progressed  to  the  point  vrbere 
the  designer  knows  what  he  needs,  nor  can  the  concrete  technologist,  with 
precision,  predict,  the  particular  levels  that  will  bo  developed  in  the 

A \ 

properties  of  a -,;ivcn  concrete  in  a given  environment,  Ve  do  not  yet  have 
adequate  methods  of  quantitatively  evaluating  the  pertinent  properties  of 
the  environment  and  tne  significance  of  different*— and  changing — levels  of 
these  properties  on  the  maturation  and  exposure  of  concrete  therein. 
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Properties  of*  Concrete 


2.1  Concrete  for  use  in  large  dams,  es  initially  mixed,  must  possess  ij 
a degree  of  mobility  and  fluidity,  together  with  a degree  of  cohcsiveness, 
so  that  as  transported,  handled,  deposited,  consolidated,  and  finished,  it 
can  be  discharged  into  and  out  of  the  containers  in  which  it  is  transported 
and  into  its  final  position  in  the  work  without  excessive  segregation  and 
can  there  be  properly  consolidated,  and  if  necessary,  finished  with  the 
equipment  provided  to  be  us,:d  for  these  operations.  After  placement  and 
consolidation,  it  must  wider go  appropriate  changes  at  rates  such  that,  when 
called  upon  to  resist  loads  o*  other  env 3 ronmental  influences,  it  will  have 
the  necessary  levels  of  the  relevant  properties  when  these  arc  needed,  and 
it  must  undergo  these  changes  without  concurrently  developing  undesirable 
levels  of  other  properties — such  as  excessively  high  internal  temperatures— 
that  are  harmful.  For  example,  when  cicitilcvei'-fci-in-constructicn  techniques 
are  used,  the  '•'•norete  in  wliicli  fom  anchors  arc  embedded  must  develop 
adequate  strength  to  resist  forr, -anchor  pull-out  forces  at  the  time  the 
freshly  n; xcd  concrete  is  placed  in  the  next  higher  lift  and  thereafter  cs 
loads  bear  on  the  anchors. 


Admixtures  for  Concrete 


3.1  Any  material,  other  than  uaW,  aggregates,  and  hydrrailic  cement, 

* 

used  tji  m ingredient  of  a concrete  mixture,  added  to  the  batch  immediately 

before  or  during  its  mixing,  is,  by  definition,  an  r/iiixture.  Such  mntcrj uls, 

* 

when  interground  or  intorblnnded  vilh  the  hyd.-r.rdic  cc  ncnt,  arc  described 


3 


as  "additions1,  to  the  cement.  The  purpose  of  using  an  admixture  is  to  make 
the  concrete  to  which  it  i3  added  more  suitable  for  the'  purpose  for  which 
it  is  made  or  a/ailable  at  lower  coot.  An  admixture  should  not  be  used 
unless  there  are  benefits  to  be  obtained  that  are  worth  the  cost  of  so  doing 
and  are  benefits  that  cannot  be  obtained  by  other  means. 

3.2  Admixtures  can  be  and  are  being  used  to  modify  virtually  any 
property  that  concrete  naturally  possesses  end  are  also  used  to  impart 
properties  it  could  not  otherwise  have.  In  some  coses,  the  effect  is  to 
change  the  time  at  which  the  concrete  develops  a given  property  to  a given 
degree;  in  other  cases,  a property  is  conferred  that,  uitbout  the  admixture, 
could  never  have  been  achieved  by  the  concrete  mixture.  Admixtures  have 
been  used  for  at  least  2000  years,  ll^ncus  Vitruvius  Pollio  in  the  first 
century  A.D,  set  forth  a specification  for  mortar  that  called  for  well- 
hydrated  lime,  marble  dust,  sand,  and  water.  Ho  which  is  added  either* 
hog:s  lord,  curdled  milk,  or  blood."  The  two  most  widely  used  classes  of 
products  employed  as  admixtures  for  concrete,  organic  chemical  materials 
and  active  mineral  powders  (pcazclans),  were  both  kno’./n  to  end  used  by  the 
Romans  in  classical  times. 


3.3  As.ong  the  effects  that  are  sought  by  the  use  of  admixtures  arc 


the  followings 


3.3.1  Achievement  of  an  earlier  sotting  time  (acceleration). 
3»3««?  Relay  of  setting  tjmo  (retardation). 

3.3*3  Achievement  of  equal  workability  with  lower  water  cont  ent 


(water  reduction). 


3»3*h  Incorporation  of  a system  of  c itraincd  air  void3  in  the 

cement  paste  (air  entrainment). 

3*3*5  Removal  of  excessive  amounts  of  air  bubbles  from  the 

cenent  paste  (air  detrainiaent). 

% 

3.3*6  Reduction  of  temperature  rise  due  to  cenent  hydration. 
3*3*7  Reduction  of  expansion  due  to  the  alkali-silica  or  alkali- 
carbonate  reaction. 

• 3*3*8  Reduction  of  permeability  of  concrete  (pome ability 
reduction). 

3*3*9  Inhibition  of  tendency  of  embedded  metal  to  corrode 
(corrosion  reduction). 

3.3.10  Reduction  of  tendency  of  concrete  to  be  weakened  by 

leaching. 

3.3*11  Reduction  of  tendency  of  concrete  to  segregation  and 

bleeding. 

3*3*12  Improved  cohesiveness  end  plasticity,  especially  in 

low-cement  content  el xlur  es » 

3*3*13  Reduction  of  cost  of  construction. 

3*I|  The  principal  materials  used  for  these  purposes  are  as  follows: 

3,)t,l  Accclcrc tors.  The  most  widely  used  accelerator  is  calcium 
* '* 
chloride.  Other  materials  which  accelerate  tho  hardening  of  mixtures  of 

Portland  cement  and  rate >r  include  other  soluble  chlorides;  soluble  carbon- 
ates, eliminates,  silicates,  fluoailicates,  and  hydroxides;  and  somo  . 
organic  compounds  such  as  tfirthanolaoine.  Colciun  chloride  can  generally 
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be  used  safely  in  counts  of  up  to  2 percent  by  vnight  of  the  cement,  The 
benefits  of  such  use  are  greatest  in  ;;old  xrcathcx*,  and  at  high  temperatures 
the  effects  stay  be  detrimental.  Calcium  chloride  should  not  be  used  where 

stray  electric  currents  are  to  be  expected  or  in  pres  tressed  concrete 

• % 

because  of  its  tendency  to  promote  corrosion  of  steel.  Its  use  nay  also 
aggravate  sulfate  attack  and  the  alkali-silica  reaction.  It  is  convenient 
to  »ake  solutions  in  which  one  quart  contains  one  pound  of  calcium  chloride, 
3*l»,2  Retarders,  The  commonly  used  retarding  admixtures  are 
organic  cheaicals,  generally  lignosulfonic  acid  salts  or  hydroaylated 
carboxylic  acid  salts  or  notifications  thereof.  At  normal  temperatures, 
used  in  normally  recommended  amounts,  the  setting  tine  of  concrete  nay  be 
extended  » to  *?0  percent.  Creator  delays  of  setting  can  be  obtained  by 
using  larger  anoints.  Retarders  ere  usually  used  to  compensate  for  the 
undesrlred  accelerating  effects  of  high  placement  temperatures,  to  avoid 
cold  joints,  end  to  avoid  undesirable  effects  of  displacements  and  deflec- 
tions due  to  loading  of  forms  end  supports  by  subsequent  concrete  placement, 
Wien  retardation  is  obtained,  improved  consolidation  may  be  achieved  ty 
revibi ation;  when  revibration  is  to  be  employed,  retardation  is  required, 
3,li*3  Water  reducers.  The  same  basic  kinds  of  Materials  that 

arc  retarders  arc  generally  valor  reducers.  Many  water  reducers  are 
* > 
retarders  Ural  have  been  chemically  Modified  to  suppress  or  compensate  for 

their  retarding  effect,  Water  reducers  have  the  property  of  increasing  the 
workability  (si-cap  or  flow)  of  the  concrete  in  which  they  are  used.  Advan- 
tage 13-ay  bo  taken  of  this  effect  in  any  of  several  ways:  (a)  a concrete 

mixture  deficient  workability  ct*n  have  its  t'orkability  increased  with 
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no  change  in  cement  content  or  water-cement  ratio;  (b)  a concrete  mixture 
of  adequate  workability  can  have  its  strength  increased- by  reducing  the 
water-cement  ratio  and  maintaining  cement  content  and  workability  uncharged; 
and  (c)  a satisfactory  concrete  mixture  can  be  made  more  economical  by  main- 
taining the  water-cement  ratio  and  workability  but  reducing  the  cement 
content  or  increasing  the  pozzolan  to  cement  ratio.  Water  reducers  are 
necessary  in  the  production  of  very  high-strength  concretes  for  which  water- 
cement  ratios  of  0,35>  or  lower  are  required,  if  the  freshly  mixed  concrete 
is  to  have  the  normally  expected  workability. 

Air-entraining  admixtures . The  materials  used  as  air- 
entraining  admixtures  are  those  which  make  foam;  they  are  thus  similar  to 
soaps  and  detergents.  They  ere  generally  derived  from  resins,  fats,  or' oils. 
Tnr  primary  purpose  of  air  entrainment  is  to  protect  the  concrete  against 
the  damage  it  may  suffer  if  the  paste  becomes  saturated  with  water  and  then 
freezes.  A mature  portland-cement  paste  in  which  air  bubbles  are  present 
with  a spacing  factor  or  u.uuo  in,  or  less  will  not  be  uamaged  by  freezing 
even  if  saturated*  with  water.  The  spacing  factor  is  the  average  maximum 
distance  from  any  point  in  the  paste  to  the  nearest  air  void.  With  acceptable 
air-entraining  admixtures,  the  air-void  spacing  factor  wi.ll  be  within  the 
correct  limits  if  the  amount,  of  air-entraining  admixture  used  is  such  that 

A *• 

the  freshly  nixed  concrete  contains  9 percent  air  in  the  mortar  fraction 
or  5-1/2  percent  air  in  concrete  containing  aggregate  of  1-1/2  in,  maximum 
size.  The  amount  of  air-entraining  admixture  required  to  produce  the 


* It  is  assumed  that  the  entrainod-air  voids  arc  not  filled  with  water. 
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specified  air  content  will  bo  greater  at  higher  temperatures,  in  mixtures 
containing  larger  proportions  of  fine  materials,  or  v;hen  materials  are 
used  that  tend  to  adsorb  organic  materials.  If  on  acceptable  air'- entraining 
admixturfe  is  used  in  an  amount  such  that  the  proper  air  content  is  developed 
in  the  freshly  mixed  concrete,  tests  have  shown  that  expulsion  from  the 
concrete  of  a substantial  proportion  (up  to  about  half)  of  the  total  air 
content  by  continued  vibration  doe3  not  significantly  alter  the  air»*void 
spacing  .factor  and,  hence,  does  not  destroy  the  protection  furnished  against 
frost  damage. 

3 Mr-de  training  admixtures.  Gases  have  been  reported  in 

which  concrete  mixtures  made  with  certain  materials,  especially  certain 
natural  aggregates,  contain  considerably  move  entrapped  gas  bubbles  than 
normal.  Such  a condition  greatly  hampers  production  of  air-entreined 
concrete,  since  the  gas  bubbles  that  are  present  without  any  air-entraining 
‘admixture  are  relatively  large  and  ineffective  in  providing  frost  resistance. 
In  other  cases,  iu  may  be  desired  to  use  a uatcr-reclucing  or  a retarding 
admixture  that  will  entrain  air,  but  not  to  have  air  entrained  in  the 
concrete.  In  these  and  similar  cases  u materiel  such  as  tributyl  phosphate- 


f 


is  used  as  on  air-detraining  admixture  to  dissipate  and  expel  the  unwonted 


bubbles  of  air  or  other  gas, 

4 * 

3,lj,6  Poazolans.  The  use  of  a pozzolan  as  on  admixture  in 
concrete  will  normally  permit  the  use  of  a smaller  cement  content  per 
unit  volume  of  concroto  than  would  otherwise  be  required.  In  ouch  cases 
there  usually  \dll  be  a net  reduction  in  heat  rise  unless  the  total  weight 
of  cement  plus  pozzolnn  is  substa.nt3.ally  greater  than  the  weight  of  cement  • 
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that  would  have  been  used,  Hierc  \/ill  also  normally  bo  a savings  in  cost 

of  concrete  materials.  Concretes  containing  poszolans  generally  also  will 

have  better  cohesivenoss  and  plasticity,  less  tendency  to  segregate  and 

bleed,  reduced  tendency  to  bo  weakened  by  leaching,  better  assurance  of 

% 

long-time  sustained  strength  and  protection  against  excessive  expansion 
duo  to  alkali-silica  reaction. 

» 

3.U.7  Teriiperature-ri.se  reduction.  The  temperaturo  rise  exhibited 
at  a point  in  a.  concrete  mass  after  placement  can  be  reduced  by  the  use  of 
admixtures  only  an  a secondary  effect  of  the  use  of  a lower  cement  content 

A v>  4- Vi  n hr*  +Va4  v*  »iaa  *1  a*  * maa 

v*<v  vw«*v-k  V vi/y  *W  W>**>«VA  HUV^A  A VV.WVWA  VAtVJ.*  I'lVy  UAXWK  MW 

of  reduced  cement  content  or  increased  pozzolan-to-cement  ratio,  Pozzolans 
generally  permit  use  of  lower  cement  contents* 

3.U.8  Alkali.- expansion  reduc tion . Research  has  shown  that  internal 
expansion  of  concrete  resulting  from  the  chemical  rccction  of  the  alkalies, 
NagO  end  KgO,  with  various  forms  of  soluble  silica  and  certain  carbonate 
rock3  that  may  be  present  in  concrete  aggregates  may  be  redxiced  by  the 
uso  of  admixtures  either  of  the  pozwolsn  class  or  certain  chemicals  such 
as  certain  lithium  salts.  When  aggregates  that  are  of  such  a nature  that 
they  might  react  with  alkalies  to  gi.ve  deleterious  expansions  must  be  used, 
the  cement  should  bo  required,  to  contain  not  more  than  0.6  percent  by 

A ’• 

weight  of  alkalies  (percentage  NagO  plus  0,6^8  percentage  Kj,0).  The  roo3t 
effective  method  of  preventing  excessive  expansion  resulting  from  the 
reaction  of  alkalies  with  reactive  carbonate  rocks  is  insuring  that  reactive 
material  in  the  aggregate  is  uniformly  distributed  and  comprises  only  a 
small  percentage  of  the  total  aggregate  used. 
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3 *h»9  Permeability  reducers.  Materials  have  been  marketed  as 
admixtures  that  have  been  described  as  "vratexproofers."-  Many  such  materials 
are  of  the  nature  of  soaps,  oils,  or  resins  which  are  viater  repellent  und 
may,  by  this  method,  retard  the  wetting  of  a concrete  or  mortal*  by  drop3  of 

s 

water  that  fall  on  its  surface*  Most  rneh  materials,  if  employed  for  this 

pux-ponc,  arc  used  as  surface  applications  to  hardened  concrete  or  mortar 

surfaces.  Admixtures  have  not  been  found  that  will  prevent  the  entry  of 

water  into  concrete  or  its  transmission  through  concrete.  Some  actaixtures 

will,  however,  reduce  the  permeability  of  mortal’s  and  concrete  to  water. 

Permeability  reducers  are  mineral  powders  that  increase  the  solids  contents 

of  lean  mixtures  and,  if  they  are  cementitious  or  pozzolanic,  react  to 

produce  additional  solids  after  they  are  incorporated  in  the  concrete. 

3.U.10  Corrosion  inhibitors . Iron  and  steel  embedded  in  concrete 

will  not  runt  if  the  metal  is  kept  completely  seeded  frem  access  to  the 

external  environment  and  the  concrete  maintains  its  normal  alkaline  state 

* 

(pH  greater  than  12).  Whore  the  possibility  of  corrosion  arises  from 
insufficient  cover  of  concrete  over  the  steel,  this  cannot  be  mitigated 
by  the  use  of  an  adnixiure  in  the  concrete  except  as  the  admixture  may 
reduce  the  permeability  of  the  concrete  end,  hence,  increase  the  effective 
cover.  If,  however,  the  possibility  of  corrosion  arises  from  reduction  of 

L%  *• 

the  normally  protective  chemical  nature  of  the  concrete,  then  use  of 
admixtures  to  retard  or  inhibit  corrosion  is  a possibility.  Among  the 
material;'  that  have  been  studied  arc  sodium  benzoate,  calcium  lignosul- 
fonato,  stannous  chloride,  and  sodium  nitrate. 
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3.H.11  Cost  reduction,  Hie  use  of  admixtures  may  reduce  costs 
of  construction  and  maintenance  in  a large  number  of  different  ways.  In 
many  cases,  the  use  of  admixtures  will  reduce  the  cost  of  the  constituent 
materials  required  to  produce  a unit  quantity  of  concrete,  for  example,  by 
allowing  concrete  of'  appropriate  quality  to  be  produced  with  a lesser  unit 
quantity  of  cement.  In  other  cases,  the  use  of  admixtures  vdll  reduce  the 
cost  of  construction  by  permitting  more  economical  scheduling  through  modi- 
fication of  time  of  setting  of  concrete.  V!hen,  by  the  use  of  admixtures, 
the  concrete  is  rendered  more  durable  and  better  able  to  resist  potentially 

destructive  environmental  effects,  maintenance  and  rennir  costs  a re  reduced. 

* * 

Previous  Work 

U.l  In  1962  the  Concrete  Committee  of  ICOLD  initiated  work  toward  the 
preparation  of  “Recommendations  on  Admixtures  for  Large  Dams."  In  3.967  a 
document  dealing  with  surface-active  admixtures  (air-er.  training  admixtures 
and  water-reducing  admixtures)  was  approved  and  was  published  in  1968. 

In  1968  the  committee  appointed  two  additional  task  groups  to  deal  respec- 
tively with  poz'/olans  end  slags  and  with  accelerators  and  retarders.  Drafts 
of  documents  in  these  area3  have  been  prepared  end  wilJL  bo  before  the 
cownittce  at  its  meeting  in  Montreal  in  June, 

A ** 

U.2  In  19h3  the  American  Concrete  Institute  created  Committee  212  on 
Admixtures  whi.ch  produced  reports  on  admixtures  in  19!  1)4,  19!>lt,  and  1963. 

It  i3  significant,  I believe,  that  the  first  section  of  the  latest  report 
(ACI  Journal,  Hov  1963,  pp  ll;0£-6)  deals  with  "Economic  Aspects  of  the  Use 
of  Admixtures,"  I quote  from  this  section* 


"Use  of  an  .admixture  may  increase  or  decrease  the  cost  of  the 

concrete*  Iho  effect  of  a given  admixture  can  sometimes  be  obtained, 

at  least  in  some  degree,  by  other  means  or  by  other  admixtures. 

Whenever  possible,  the  cost  of  an  admixture  should  bs  compared  with 
% 

that  of  alternative  materials  or  methods  for  getting  the  desired 
result.  Conversely,  the  economic  gains  possible  * hrough  decreased 
construction  costs  by  the  use  of  admixtures  should  also  be  considered. 

. "In  evaluating  an  admixture,  its  effect  on  the  volume  of  a 
given  batch  should-  be  noted.  If  adding  the  admixture  changes  the 
volume.  M i?  of  •'-on  the  ease,  the  change  in  the  properties  «f  liu* 
concrete  will  be  due  not  only  to  direct  effects  of  the  admixture 
but  also  to  the  changes  in  the  amounts  (per  unit  volume)  of  the 
original  ingredients.  If  the  uso  of  the  admixture  increases  the 
volume  of  the  batch,  the  admixture  must  b3  regarded  ©o  effecting  a 
displacement  either  of  part  of  the  original  mixture  or  of  one  or 
another  of  the  basic  ingredients — cement , aggregate,  or  water.  All 
such  changos  in  the  composition  of  a unit  volume  of  concrete  must  be 
taken  into  account  when  testing  the  direct  effect  of  the  admixture 
itself,  and  in  estimating  the  cost  of  the  uso  of  an  admixture. 

"Hie  cost  of  handling  an  extra  ingredient,  and  any  effect  the 

A * 

uso  of  tho  admixture  may  have  on  the  cost  of  transporting,  placing, 
and  finishing  tho  concrete  should  be  taken  into  account.  Frequently 
an  admixture  permits  use  of  loss  expensive  construction  methods  or 
even  of  loss  expensive  structural  design  sc  as  * n offset  any  increase 
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of  cost  of  materials  attending  the  use  of  an  admixture.  For  example , 
novel  and  economical  designs  of  structural  units  have  been  pred- 
icated on  use  of  retarding  a/lrai  xtures  that  permit  placing  of  con- 
crete  over  extended  pe.ri.otls  in  homogeneous  units  of  largo  size  and 
great  volume,  thus  minimizing  need  for  foming  and  the  placing  and 
joining  of  separate  units.  Use  of  air- entraining  and  i/ater-reducing 
admixtures  commonly  makes  possible  the  attaining  of  required  physical 
properties  of  lightweight  concrete  at  loner  unit  weight. 

"Tho  evaluation  of  the  cost  of  any  given  admixture  should  be 

V»»nn^  avi  Al.f  >r?+U  4 4** 

MwMW..  w«V  ft  --I  ■,  -■>  V W VV«>.4<  w>  ^ V.4V  |/V«h  W W Jklt  ||UV>U 

under  conditions  simulating  those  expected  on  the  job.  This  is 
highly  desirable  since  tho  results  obtained  arc  influenced  to  an 
important  degree  by  the  characteristics  of  the  cement  and  aggregate 
and  their  relative  proportions,  as  well  as  by  temperature,  humidity, 
and  curing." 

Iu3  In  ftugust-Septcnber  1967,  in  Brussels,  the  RTLf=H  working  group 

on  Admixtures  sponsored  an  International  Symposium  on  Admixtures  for  Mortar 

and  Concrete,  tho  proceedings  of  which,  in  eight  volumes,  have  been  published. 

Tho  report  of  this  working  group  includes  the  following: 

"An  admixture  is  any  material,  that  is  added  to  the  normally 
* '• 

accepted  ingredients  of  mortar  and  concrete  during  nixing  in  order 
to  modify  certain  properties  of  mortars  and  concretes  in  their  fresh 
or  hardened  state,  or  in  their  passage  from  the  frcch  to  the  hardened 
stato. 
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"Every  admixture  must  have  a3  Its  main  action  a definite  purpose 
in  mortar  or  concrete.  It  nay  have  simultaneous  secondary  actions 

i 

which  must  also  bo  specified.  Admixtures  perform  their  functions 

% 

principally  by  affecting  physic-:;',  and  physico-chemical  actions,  such 
as  surface  tension,  adsorption,  thixotropy,  colloidal  state,  deflocu- 
lating  effects,  rate  of  reaction  between  cement  and  water  during 
setting  and  hardening,  rnd  combination  with  certain  cement  const  ituents. 
Admixture  actions  of  a mechanical  nature  may  also  urise  owing  to  the 
addition  of  very  small  particles  to  the  aggregate  grading  of  mortars 

w»»v*  w v w • 

"In  general,  admixtures  .are  to  be  used  only  when  the  desired 
properties,  which  ate  sought  to  satisfy  the  requirements  of  the  work 
at  hand  with  regard  to  execution,  quality  and  durability,  cannot  be 
attained  by  adjusting  the  composition  or  the  proportions  of  the  basic 
concrete  or  mortar  mixture.  Moreover,  information  should  be  available 
not  only  with  regard  to  the  effect  of  the  admixture  on  the  wain 
property  which  it  is  desired  to  modify,  but  also  with  regard  to  the 
effects  that  its  use  may  have  on  all  the  other  properties  of  mortar 
and  concrete, 

"It  should  be  recognised  that  the  mere  use  of  an  admixture  can 
never  co-nrensato  for  defect*;  in  the  composition  or  in  the  preparation 
of  the  mortar  or  concrete," 

Thi3  working  group  classifies  admixtures  as  follows: 

«i . AixrrxTuass  which  Konirc  the  Riiroiaoi  o y hush  m Aim 

CONCRETE. 


Hi 


t 


1.1  Vfater-rcducj-nfl  admlxtureg , 

1.2  Air-entraining  adfjixtxircs  » 

1.3  Water-reducing  and  alr-entrainlng  adsdxture3» 

l,ii  Plasticising  mineral  owners. 

1.5  Jtoccul&ting  or  thickening  adnixtri-os, 

1.6  Water-retaining  e.<Mxtir  33, 

"2,  /.Di-ilXTURES  WHICH  iSODIFY  THE  ;IR  00 IttSUI  OP  folRTAR  AMS  COHCKSTS, 
?,1  Alr-cntratning  adsalx  bares, 

2.2  Air-datraining  ox-  anti- f earning  actoi.xt-.n-e3, 

JiPS.ifnr'.ninir 

•*  , .;L  , n-  | - «-« 

2.l»  Foan-forralng  admixtures, 

"3.  ADMIXTURES  WHICH  KODIFI  SRTTIKO  ADD  HARDEffilG. 

3*1  Set-retarding  admixtures, 

3.2  Set-accelerating  admixtures, 

3.3  Admixtures  which  accelerate  hardening. 

"I*.  /JTEflXTURES  WHICH  PRODUCE  EXPArfSIOH  III  KORTAR  AKP  CONCRETE. 

"5,  ADMIXTURES  WHICH  IMPROVE  THE  RESISTANCE  TO  ftt.*5JCAT,  ACHOMS. 
5*3  Prost-resisting  admixtures. 

5.11  ^X^tr^ning^r^ixtiire^, 

5.12  A<%lxtm*3ajBh ichjtwcelerato  setting  end  hardening. 

A 

5*2  Anti- Ires sins  admixtures, 

^•3  Water-resisting  admixtures, 

5,31  Pcjraer^ilij^-rccluci.nj;  a-foixturecu 
5*32  Wato^iygplling  nd^ixtm-en^ 
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"6.  AKflCXTURES  MITCH  IBHOVB  THE  RF5ISXUICS  IX)  foCHAMICAL  ACTIOUS. 
:,7.  AK-ffXTPHES  WHICH  IMPROVE  THE  RKSISTAHCE  TO  CHJSilCAL  ACTIOKS. 

7.1  Corrosion-inhlbi tj ng  admixtures . 

7.2  Admixtures  which  modify  alkali-aggregate  reaction. 

7.3  Mmixturas  which  modify  av.tac?<  by  aggressive  chemicals . 
"8,  Att-fiXTURES  %IKJH  XKFSSO VK  THE  RESISTANCE  TO  BIOLOGICAL  ACTIONS. 


Fungicidal,  germicidal  and  insecticidal  admixtures. 
**9.  ADMIXTURES  UifXCH  HODIFT  THE  COLOUR  0?  KORTAiT  AHD  COHCRETK 


COJ-OURIKG  ADMIXTURES." 

Specific  Applications  to  Jkn  Construction 

. ■ *»*  ■ n ■>  «»*■  ■— -j  ■!»  w—.  ■ « >■  *f  < 


OX 


5.1  In  "Research  for  Civil.  Works  - A Progress  Report”  (Office,  Chief 
of  Engineers,  Dec  1968),  the  following  a re  shewn  as  reductions  in  cost. 


relating  to  the  employment  of  admixtures  in  concrete. 


Problem  or  Study 


Solution  or  Result 


Low  Cement  Content  Concrete 


SfiglifiS 


The  hydration  of  cement  produces 
heat  which  is  not  readily  dissi- 
pated in  nans  concrete.  The 
temperature  change  produced  by 
this  heat  and  subsequent  cooling 
is  a cause  of  cracking  which 
impairs  the  structural  integrity 
of  hydraulic  structures,  ttirthor- 
more,  cencnt  is  the  Most  expen- 
sive ingredient  of  concrete. 

Any  caving  of  cement  without 
sacrifice  of  quality  produces 
a substantial  financial  benefit. 


Laboratory  studies  ox*  m5 xture  $10,600,000 
proportioning  established  that, 
primarily  through  the  use  of 
entrained  air  in  an  applica- 
tion in  which  it  had  not  previ- 
ously considered,  it  vas  possi- 
ble to  .'educe  the  cement  content 
of  moss  concrete  as  much  as  30 
per  c<mt  without  Impairing  its 
quality. 
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Problci  or  Study 


Solution  or  Result 
Cemor.t  Replacement  fete  rials 


Sc.ri.nns 


Portland  cement  is  fclio  laoot  ex- 
pensive ingredient  of  concrete* 

A significant  saving  in  the  coat 
of  concrete  would  be  realised  if 
a portion  of  the  cement  could  be 
replaced  by  a less  expensive 
cementitious  material  without 
sacrifice  of  quality. 


A laboratory  investigation  cs-  $9,600,000 
tablislisd  the  validity  of  using 
pczsolans  aid  special  cements 
as  partial  replacement  for  port- 
land  cement  and  produced  a work- 
able specification  for  purchasing 
pozzolans. 


Use  of  Concrete  Admixtures 


To  evaluate  the  claims  of  pro- 
ducers of  cheiaieal  admixtures 
intended  to  retard  the  setting 
of  cenoni,  increase  workability 
of  concrete,  end  provide  other 
benefits. 


Specifications  have  been 
developed  to  assure  relia- 
bility, and  guides  produced 
for  limiting  use  to  instanco* 
where  real  benefits  will 
exist. 


Pre-Placed  Aggregate  Concrete 


Because  of  shrinkage  during  set- 
ting and  difficulty  of  placing 
in  restricted  regions,  conven- 
tional concrete  is  not  always 
entirely  satisfactory  for  such 
applications  as  enbe&eont  of 
stool  spiral  ceses  in  power-  • 
houses,  construction  of  plugs 
to  close  temporary  sluices 
through  dams,  and  underwater 
construction,  or  for  major  re- 
pair of  concrete  structures. 


A laboratory  investigation, 
which  included  tests  of  full 
scale  models  of  portions  of 
hydraulic  structures,  estab- 
lished the  value  of  the  pre- 
placcd  aggregate  method  of 
construction.  On  com a pro- 
jects savings  in  excess  of 
$200,000  have  been  realised 
by  its  use.  In  other  pro- 
jects it  has  been  used,  even 
though  more  expensive,  to 
improve  the  performance  of 
the  structure.  The  figure 
shown  is  the  net  saving. 


Intangible, 
Assures  usage 
of  only  those 
admixtures 
trhich  will  pro- 
duce baiter  . 
concrete. 


$17*300  onnuall; 


$,?.  the  work  related  to’  these  savings  was  described  as  follows* 

"Low  Cement  Content  l!as3  Concrete,  To  reduce  initial  construc- 
tion costs  and  crocking  caused  by  cooling  fro:*  elevated  temperatures 
produced  by  cement  hydration,  mass  concrete  should  coiitain  a wini- 


rim  of  cement  consistent  with  strength,  permeability,  and  durability 
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requirements*  Mixture  proportioning  studies  coupled  with  strength, 

permeability,  end  durability  testing  demonstrated  that  approximately 

• * , 

?0  percent  of  the  previously  specified  unit  asaunts  of  cement  per 
unit  volume  of  concrete  could  bo  eliminated  in  future  construction* 

She  primary  factor  which  permitted  this  savings  was  the  use  of  entrained 
air  in  mass  concrete.  In  establishing  the  validity  of  the  cavings  per- 
mitted, it  was  necessary  to  develop  appropriate  procedures  for  testing 
. mass  concrete  for  durability  and  permeability. 

•Use  of  Pbsttolans  in  Mass  Concrete*  Por.zoleno  ere  not  in  thca- 
• selves  cementitious  but  will  react  with  the  lime  produced  as  a hydra- 
Won  product  of  port). end  cement  to  form  cementitious  compounds*  Ihe 
most  common  possolan  is  flyash,  the  residue  from  burning  powdered  coal 
in  thermal  power  plants.  Some  natural  materials,  mostl;*  in  the  western 
part  of  the  country,  arc  also  poazolanlc  or  become  pocsoianic  after 
burning  end  grinding.  Since  possolans  are  cheaper  than  cement  end 
generate  less  heat,  their  use  as  a partial  replacement  for  cement  in 
mass  concrete  is  attractive.  Research  shows  that  their  use  is  practical 
end  a workable  and  reliable  purchase  specification  bus  been  developed. 
PosBolans  we  now  widely  used  in  the  field.  A recent  laboratory 
experiment  involves  the  use  of  wily  one  beg  (9h  lb)  of  cement  per  cubic 
yard  of  concrete  with  relatively  large  amounts  of  poasolan.  If  this 
development  cm  be  applied  successfully  in  future  construction,  sub- 
stantial monetary  savings  will  result.  Test  bloc!:s  typically  $ x 10  x 20 
ft  in  size  .vo  node,  exposed  out  of  doors,  and  cored  by  diamond  drilling 
equipment  to  yield  specimens  for  detailed  laboratory  testing  and 
examination* 
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"Use  of  Retarding  end  Water  Reducing  Admixtures.  Cheap 

chemicals  from  the  pajfcr  industry  and  ot  her  sources  are  used 

extensively  in  structural  concrete  construction  to  control  set- 

% 

ting  time,  increase  strength,  and  reduce  the  eaouat  of  mixing 
water  and  cement  required.  Application  of  such  admixtures  to 
the  very  low  cement  factor  mass  concrete  used  by  the  Corps  of 
Engineers  is  currently  being  studied.  If  a reduction  in  cement 
or  a reduction  in  the  ratio  of  cement  to  pozsolen  is  possible, 
financial  savings  will  result. 

■Portland  Blast-Furnace  Slag  Cement.  Information  was  developed 
which  demonstrated  that  high  quality  concrete  for  hydraulic  struc- 
tures can  be  produced  with  Portland  blest-fUmace  slag  cement  as 
well  as  with  portleaul  cement.  This  finding  has  increased  the 
bidding  options  for  contractors  and,  in  certain  market  areas,  is 
resulting  in  lower  bid  prices." 

>.3  In  this  same  report,  future  concrete  research  was  described  in 


these  words. 


■Concrete.  Ikich  of  the  research  in  mass  concrete  will  continue 
in  the  future,  as  it  has  in  the  past,  to  bo  concimod  with  tempera- 
ture problems  resulting  fron  hydration  of  cew.it.  At  present  hydra- 
* • 

tion  of  cement  is  studied  under  i so thermal  conditions,  and  tempera- 
ture rise  in  concrete  is  studied  under  adiabatic  conditions.  The 


information,  however,  is  applied  to  conditions,  which  arc  neither 
isothermal  nor  adiabatic.  Hore  information  is  needed  to  make 


I 

possible  accurate  predictions  of  temperature  rise  under  field 
conditions.  There  is  a pressing  need  to  determine  the  effect  of 
temperature,  on  creep  of  concrete.  Recent  work  in  Europe  and  Israel 
suggest  that  creep  increases  as  a result  of  temperature  fluctuation 
regardless  of  iriiich  way  the  temperature  is  changing.  These  findings 
need  to  be  clarified  and  their  application  to  mass  concrete  hydraulic 
structures  evaluated, 

"The  field  of  chemical  reactions  between  cement  and  aggregates, 
once  thought  to  be  non-existent,  requires  additional  study.  The 
reaction  between  cement  alkalies  and  certain  siliceous  rocks  is 
now  well  understood.  The  reaction  involving  dolo&itic  carbonate 
rocks  is  now  under  active  investigation,  A reaction  in  which  non** 
dolocdtic  carbonate  rocks  participate  has  recently  been  discovered 
by  personnel  at  the  V&ter ways  EqieidRent  Station,  The  implications 

of  this  discovery  ere  not  yet  known,  A ceoent-oggregate  reaction 

* 

involv  ing  waiferialfc  in  the  K ru  is as-Kebraska  area  has  been  evident 
foe.*  years,  but  it  is  not  yet  understood.  The  Corps  of  Engineers 
builds  structures  in  all  the  areas  in  which  these  reactions  have 
been  observed. 

"In  addition  to  the  chemical  reaction  between  ceacnt  paste  und 

s 

aggregates,  there  ere  ph;  deal  reactions  which  are  t t well  under- 
stood. Although  cewcnt  paste  and  aggregate  have  been  extensively  * 
studied  icparately,  little  is  known  about  the  nature  of  the  bond 
between  these  two  basic  components  of  concrete.  Thin  bond  is  a 
key  factor  both  in  the  problems  of  strength  and  cracking. 
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"Expansive  cements  may  have  a bright  future  in  the  concrete 

industry.  They  have  been  proposed  both  for  compensating  for 

shrinkage  of  concrete  and  for  chemical  prestressing  of  concrete 

members.  Only  shrinkage  compensation  lias  received  much  attention 
% , 

in  this  country.  Chemical  prestressing  might  offer  a means  for 
solving  the  problems  of  cracks  in  concrete  structures. 

"Few  really  significant  changes  in  mass  concrete  construction 
techniques  have  occurred  in  recent  years.  Such  proposals  as  gang 
.vibrators  and  precast  concrete  forms  should  be  investigated.  Im- 
proved field  testing  techniques  are  also  needed.  There  is,  for 
example,  no  accepted  method  for  measuring  the  workability  of  mass 
concrete. 

"Deformations,  stress,  strain,  hydrostatic  pore  pressures, 
and  temperature  changes  in  massive  concrete  structures  will  con- 
tinue to  be  measured.  With  this  information  the  designer  is  able 
to  improve  and  refine  design  criteria  and  techniques," 


Promising  Uses  of  Admixtures  to  Reduce  Cost 
end  Increase  Speed  of  Construction  of  Concrete  Dams 

6.1  From  the  material  reviewed  up  to  now  in  this  paper,  it  is 
clear  that,  by  the  use  of  admixtures,  nearly  any  desired  property  of 
concrete  may  be  modified  at  least  quanti  tativoly—  in  cither  direction— 
and,  in  some  cases,  affected  qualitatively  as  veil . The  increased  use 
of  admixtures  therefore  depends  cs;;cnt:l;0.1y  solely  on  knowning  what 
properties  and  what  levels,  quantitatively,  of  those  properties  are 
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desired  and  then  straightforwardly  evaluating  the  economics  of  the  case. 

How  much  is  it  worth  to  increase  or  decrease  a given  parameter  by  a given 

amount,  and  can  this  be  accomplished  more  economically  by  using  a given 

amount  of  a given  admixture  than  by  any  other  means?  In  addition,  there  is 
* • % 

always  the  question  of  simple  alternative  solutions  to  the  present  set 
of  requirements,  i.e.,  we  now  require  concrete  of  given  properties,  we 

now  obtain  this  concrete  by  the  use  of  given  ingredients,  can  we  by 

% 

different  methods  involving  use  of  ether  admixtures  or  greater  amounts  of 
admixtures  produce  concrete  of  these  same  levels  of  quality  in  these  same 
properties  more  economically. 

6.2  In  this  latter  case,  work  at  the  Waterways  Experiment  Station 

has  shown  that,  at  least  in  the  laboratory,  it  is  possible  to  produce 
6-in.  aggregate  mass  concrete  with  73  lb  of  cement  per  cubic  yard,  having 
a water  content  of  113  lb  per  cubic  yard,  that  has  an  adiabatic  tempera- 
ture rise  of  only  17  degrees  F in  2f  days  and  develops  a 90-day  compressive 
strength  of  3000  psi.  This  particular  mixture  was  proportioned  to  contain 
three  different  admixtures:  It  contained  11 6,£  lb  per  cubic  yard  of  a 

pozzolon  (fly  ash) , 2lj2  ml  per  cubic  yard  of  an  ai  r-entrainlng  admixture—  ' 
which  gave  an  air  content  of  6.l|  percent  in  that  portion  of  the  mixture 
passing  the  1-1/2  in.  sieve,  and  0.£0  percent  by  weight  of  the  cement 

plus  pozzolan  of  a water-reducing  chemical  admixture  of  the  lignosulfonato 
class.  The  slump  was  1-1/2  in.  This  is  an  example  of  results  to  be 
obtained  when  no  particular  change  in  requirements  is  involved. 

6.3  In  connection  with  the  planning  for  this  meeting,  Hr.  James  J). 
Fi.por  told  me  of  work  being  done  at  the  American  Cement  Corporation, 


described  to  him  by  Mr.  Walter  H.  Price  in  which  by  the  use  oi  tin  admixture 
a concrete  containing  1/2-in.  maximum  size  aggregate  requires  about  the  same 
amount  of  water  to  produce  a 3- in.  slump  as  is  normally  required  for  con- 
crete containing  6-in.  maximum  size  aggregate.  The  concrete  containing  the 
1/2-in.  aggregate  can  be  continuously  mixed  in  a pug  mill  mixer  and  satis- 
factorily pumped  through  pipe.  For  use  in  a concrete  dtan,  the  pipe  could 
be  refrigerated  and  the  concrete  spread  over  the  top  of  a block  by  moving 
the  pipe  or  a hose  attached  to  the  end  of  the  pipe.  No  vibration  would  be 
required  to  level  the  concrete*  which  has  a comparatively  high  one- day  and 
ultimate  strength.  Because  of  the  low  water  content,  the  unit  weight  of 
the  concrete  is  about  the  same  as  for  6-in.  maximum  size  aggregate  concrete. 
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